Background. Early detection of oral cancer improves the results of treatment. Fluorescence diagnostics (FD) helps to identify the real margins of malignant tumour. However, in some cases the artefactual fluorescence of healthy mucous appears. The aim of this study was to investigate the possibilities of fluorescence diagnostics of oral cancer as a more sensitive, effective and more specific method of FD.
Background. Early detection of oral cancer improves the results of treatment. Fluorescence diagnostics (FD) helps to identify the real margins of malignant tumour. However, in some cases the artefactual fluorescence of healthy mucous appears. The aim of this study was to investigate the possibilities of fluorescence diagnostics of oral cancer as a more sensitive, effective and more specific method of FD.
Materials and methods. A total of 84 patients with morphologically verified malignant tumours underwent fluorescence diganostics. They were grouped into three groups. The first group consisted of 20 patients with malignant recurrent oral cancer, who underwent systemic (intravenous) photosensitizer administration (2.5 mg/kg). After 24-48 h, visual fluorescence diagnostics and spectroscopic measurements were performed. The second group consisted of 60 patients with different malignant tumours except oral cancer. They also underwent systemic (intravenous) photosensitizer administration (2.5 mg/kg). After 24-48 h, visual fluorescence diagnostics and spectroscopic measurements were performed. The third group consisted of 7 patients with malignant recurrent morphologically verified oral cancer; they underwent I/a FD. A catheter was inserted selectively into the feeding artery of the tumour via the superficial temporal artery. Photofrin (10 mg) was injected via the catheter directly into the tumour. Immediately after injection, 1 h and 4 h after injection, the visualization of mucosal tissues of the hypopharyngeal and oropharyngeal regions was performed under illumination of λ = 405 ± 5 nm light. Spectroscopic investigations of malignant and healthy tissues were also performed. Besides, there was the fourth group which consisted of 30 healthy volunteers. They were provided no treatment. The visual fluorescence diagnostics and spectroscopic measurements of healthy mucosa were performed for these volunteers.
Results. A specific pink fluorescence of malignant tissue was noted while illuminating a tumour with violet light. The margins of fluorescence usually coincided with those of a malignant tumour. In doubtful cases, biopsy and morphological examination of the tissue were performed. All malignant tumours, except melanoma, showed a specific pink fluorescence when illuminated with violet light, and no fluorescence was noted in normal mucosa. However, in some cases glow artefacts were observed. We identified these "glow artefacts" -a nonspecific lilac fluorescence -in the healthy mucosa of 20 patients (in 6 patients from the first group and in 14 from the second group). Usually, artefactual fluorescence was noted in the gums (in 18 patients from 20) and at the basis of the tongue (in 11 patients from 20). There was no artefactual fluorescence in 7 patients who underwent I/a FD.
Conclusions. Fluorescence diagnostics is useful for early detection of primary and recurrent malignant oral tumours, except melanoma. However, an artefactual fluorescence in the gums or in the basis of the tongue can appear. I/a FD allows avoiding this artefactual fluorescence.
INTRODUCTION
Early detection of oral cancer improves the results of treatment. One of the promising diagnostic methods is an optical method also known as optical biopsy. This diagnostics of malignant tumours is based on a quite selective accumulation of porphyrins in tumour tissue (1). Porphyrin-enriched tumour tissue irradiation with light of an appropriate wavelength leads to the emission of pink-red fluorescence. This principle is used as a diagnostic procedure and is called fluorescence diagnostics (FD). Light-induced FD is a noninvasive technique for the realtime characterization of superficial tissue layers (2) . The method relies on differences in the fluorescence emission from various types of tissue.
In several studies, the different intensity of fluorescence in normal and tumour tissues has been exploited for photodiagnostics (3). The fluorescence from a normal tissue, excited near 400 nm, is higher than that from tumour in the range 450-550 nm, but lower in the range 600-700 nm (4) , and by taking the ratio of red intensity (600-700 nm) over the blue / green intensity (450-550 nm) the contrast between tumour and the adjacent normal tissue is enhanced significantly (5).
Autofluorescence is emitted by different endogenous chromophores of the tissue. The total autofluorescence emission has a broad wavelength distribution as it represents the contribution from different chromophores (6) . An intensive fluorescence in the red part of the spectrum has been observed for some types of malignant and premalignant lesions (7) .
In order to enhance tumour demarcation, exogenous sensitizers can be administered (8, 9) . The most popular sensitizer is the haematoporphyrin derivative Photofrin. In cases of both endogenously and exogenously administered porphyrins, the red tumour fluorescence appears under excitation near 400 nm. It has been used successfully in studies of malignant lesions in various organs (10) (11) (12) (13) (14) (15) (16) (17) (18) . Both the autofluorescence of endogenous tissue and the fluorescence of a tumour-marking sensitizer have been investigated in these studies.
There are valuable articles on the fluorescence of lesions in the head and neck region (19) (20) (21) (22) . The results presented in these articles are promising and suggest further, more detailed studies.
Malignant tumours in the oral cavity and oropharynx are in many cases visualized by the naked eye, but early recurrent malignancies and precancerous lesions may be difficult to visualize, particularly when they appear in cicatrices (23) . In these cases fluorescence diagnostics is valuable. It helps to identify the real margins of the malignant tumour. However, in some cases an artefactual fluorescence of healthy mucosa appears. It can be caused by oral mucosa microorganisms. On the other hand, porphyrins from food can influence the artefactual fluorescence, too. It is important to avoid this artefactual fluorescence. We believe that intra-arterial fluorescence diagnostics (I/a FD) may be useful for that purpose (24, 25) . Intra-arterial infusion of chemotherapy agents for oral cancer has been applied for several decades (26) (27) (28) (29) (30) .
We were the first to start intra-arterial hematoporphyrin derivative mediated photodynamic therapy (i/a PDT) in the head and neck in 1990 (31, 32) . This method allowed us to use small doses of the expensive sensitizer; moreover, there was no necessity for patients to avoid ultraviolet or sun radiation.
The aim of the present study was to investigate the possibilities of intra-arterial fluorescence diagnostics of oral cancer as a more sensitive, effective and more specific method of FD.
MATERIALS AND METHODS
A total of 84 patients with morphologically verified malignant tumours underwent FD. They were grouped into three groups.
The first group consisted of 20 patients with malignant recurrent oral cancer, who underwent systemic (intravenous) photosensitizer administration, followed by visual FD and spectroscopic measurements of malignant and healthy tissues.
The second group consisted of 60 patients with different malignant tumours except oral cancer. For these patients, the FD measurements and spectroscopic investigations of malignant and healthy tissues were performed, followed by sensitized tumour therapy.
The third group consisted of 7 patients that underwent I/a FD. They had malignant recurrent morphologically verified oral cancer. Also, there was the fourth group which consisted of 30 healthy volunteers. They were provided no treatment. The fluorescence visual diagnostics and spectroscopic measurements of healthy mucosa were performed for these volunteers.
There are three historically recognized methods of intra-arterial infusion (33) for oral cancer: conventional intra-arterial infusion via the superficial temporal artery (34, 35) , superselective intra-arterial infusion via the femoral artery (Seldinger's method) (36, 37) , and a new superselective intra-arterial infusion via the superficial temporal artery (38) .
We used the most popular conventional intra-arterial infusion via the superficial temporal artery. A catheter was inserted selectively into the feeding artery of the tumour via the superficial temporal artery (Fig. 1) . The depth of catheter installation was defined by the injection of methylene blue through the catheter (Fig. 2) . When the tumour tissues were coloured in blue, the catheter was fixed to the skin of the preauricular region (Fig. 3) . Photofrin (10 mg) was injected via catheter directly into the tumour. Immediately after injection, 1 h and 4 h after injection, the visualization of mucosal tissues of the hypopharyngeal and oropharyngeal regions was performed under illumination of λ = 405 ± 5 nm light. Spectroscopic investigations of malignant and healthy tissues were also performed. The autofluorescence spectra were measured with a QE65000 fiber spectrometer (Ocean Optics). A special bifurcated fiber bundle probe (Ocean Optics) was used to register the fluorescence signal from particular places in the patient's mouth. It was composed of a bundle of quartz fibers: the central one (200 µm in diameter) for excitation and six (200 µm in diameter) situated around the excitation fiber -for fluorescence detection. The fluorescence was excited with 405 ± 5 nm wavelength light. Four different places of healthy oral mucosa -soft palate, the flank of the tongue, the mucosa of the cheek and gum, and one place of healthy chest skin were investigated in all patients. Biopsy and morphological examination of tissues from luminous and surrounding nonluminous sites were carried out after spectroscopic investigations.
The photosensitizer was injected i. v. (2.5 mg/kg), and after 24-48 h the visualization of mucosal tissues of the oropharyngeal region was performed under λ = 405 ± 5 nm light. Four different places of healthy oral mucosa (soft palate, the flank of the tongue, cheek and gum mucosa) and one place of the healthy chest skin were investigated spectroscopically. Biopsy and morphological examination of luminous and surrounding nonluminous site tissues followed after spectroscopic investigations.
RESULTS AND DISCUSSION
A specific pink fluorescence of malignant tissue was noted while illuminating tumours with violet light 1-4 hours after i/a or 18-72 hours after i/v injection of the photosensitizer (Fig. 4) . The margins of fluorescence usually coincided with the ones of malignant tumour. In doubtful cases, the biopsy and morphological examination of the tissue were performed. All malignant tumours, except melanoma, showed a specific pink fluorescence when illuminated with violet light, and no fluorescence was noted in normal mucosa (Fig. 5) .
However, in some cases glow artefacts were observed (Fig. 6) . We identified these "glow artefacts" as a non-specific lilac fluorescence in a healthy mucosa of 20 patients (6 patients from the first group and 14 from the second group). Usually, the artefactual fluorescence was noted in the gums (in 18 patients from 20) and at the basis of the tongue (in 11 patients from 20). In all cases of i/v photosensitizer administration, the red fluorescence usually appeared 18-24 hours after intravenous injection of the photosensitizer. This fluorescence was evident for 3-6 days. In all cases of i/a photosensitizer administration, red fluorescence usually appeared one hour following the intraarterial injection of the photosensitizer. This fluorescence was evident for 2-3 days. There was no evidence of artefactual fluorescence in 7 patients who underwent i/a photosensitizer administration.
No generalized photosensitivity has been reported following intra-arterial photosensitizer administration. The reason is small doses (10 mg) of the photosensitizer while applying i/a FD. In intravenous FD, usualy the dose of 2.5 mg/kg, i. e. 150-200 mg, was used.
The primary results of spectroscopic investigation indicate that after intra-arterial Photofrin administration the fluorescence of the photosensitizer in the chest skin was barely traceable (Fig. 7) . This means that there was almost no systematic accumulation of Photofrin. A low fluorescence intensity of the photosensitizer was registered in the surrounding healthy tissues near the tumour, and a very intensive fluorescence of Photofrin was registered in the tumour itself (Fig. 7) .
CONCLUSIONS
Fluorescence diagnostics is useful for the early detection of primary and recurrent malignant oral tumours, except melanoma. However, artefactual fluorescence in the gums or at the basis of the tongue can appear. The i/a photosensitizer administration allows avoiding this artefactual fluorescence. It also enables to use small doses of the expensive sensitizer, and there is no necessity for the patient to avoid ultraviolet or sun radiation applying I/a FD. 
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